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Introduction
A baseline Intra-LTE handover mechanism was agreed in RAN2#56. The baseline approach facilitates UE access in the target cell after handover via a non-synchronised RACH channel, hence contention based access. In addition, an optimisation based on the use of dedicated preamble in HO access in non-synchronous networks is agreed in RAN2#58. 

However, in a synchronised network the UE is able to calculate the timing advanced to the new eNodeB based on the relative time difference between the received signals from the new and old cells. This is the mechanism used in TDD-UMTS networks.  Therefore in a synchronised network it is possible to obtain synchronisation with the new cell prior to access and to avoid access in the new cell via a non-synchronous contention-based channel.
In this contribution, we present our view on synchronisation related to handover in synchronous networks. A HO mechanism which is designed for efficient radio resource usage is proposed.
2. Discussion
Following the agreed base-line approach, handover UEs access the new cell on a non-synchronous channel. The HO load contributes significantly to the total RACH load. According to the RACH load analysis shown in [1], 50-70% of the RACH load is caused by cell access after handover. Reduction of RACH load is always beneficial from the radio efficiency point of view. 
TDD operation and also MBSFN operation by nature require network nodes to be time synchronized to each other. In a synchronous network, timing advanced in the target cell can be calculated by the UE simply, based on TA for the source cell and relative time difference between received signals from the target and source cells. An algorithm similar to that used in the TDD-UMTS system can also be designed for LTE. The UE can gain UL time synchronization to the target cell prior to access and avoid contention based access in the target cell. 
One possible way of avoiding RACH access in the target cell is to allocate UL resources in the target cell and the allocation is signaled via the source eNodeB over the HO command. This procedure is shown in Figure 1.
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Figure 1: Intra-LTE handover in synchronous network 
After receiving the HO request from the source eNodeB, the target eNodeB allocates a C-RNTI and assigns resources on UL-SCH to transmit HO confirm in the target cell. The source eNodeB conveys this information to the UE via a Handover Command message. After receiving the Handover command, the UE detaches from the old cell and synchronizes to the new cell. Then a Handover confirm message is sent over the allocated UL-SCH resources.
This procedure is simple. However the allocation of UL-SCH resources in advanced may result in wastage of radio resources. In case, the HO command takes several HARQ transmission to correctly received by the UE, the UL-SCH resources may need to be reserved for the use of HO confirm for longer duration which is not desirable from radio efficiency point of view. On the other hand, a start timer for the transmission of HO confirm can be set by the network (target eNodeB). In this case, the start time should be set taking into account the worst case delay over X2 and maximum HARQ transmission delay. Thus the HO interruption time may un-necessarily be large for some transmissions. 

Another method proposed in [2,3] for HO procedure in synchronous networks is shown in Figure 2. After receiving the HO request from the source eNodeB, the target eNodeB allocates a C-RNTI and assigns dedicated resources for CQI reporting and scheduling request channels. The target eNodeB conveys this information to the UE via the source eNodeB in HO command message.

After synchronizing to the target eNodeB , the UE access the target cell by sending a CQI report or scheduling request message on the allocated dedicated resources.
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Figure 2: Intra-LTE handover in synchronous network 
This procedure relies on UE communication on dedicated resources in the target cell. However, CQI/SR resources are used in Figure 2 instead of UL-SCH as in Figure 1. CQI/SR resource space can be visualized as code and time space. CQI/SR reporting may be either periodic or triggered. In case of periodic reporting, a UE will be allocated code and time resources in a periodic pattern. From UE point of view the allocated CQI/SR channel is dedicated to the UE at a given time, hence allowing contention-free CQI reporting and scheduling request.

CQI reporting assists the link adaptation on DL transmission. Hence the CQI reporting is only useful for UEs in active transmission. The UE can be categorized into two modes depending on their activity level in LTE_Connected states: long_DRX and short_DRX (or continuous). There are very large (several thousands) UEs be in long_DRX while only about 200-400 UEs be in short_DRX or continuous reception mode. It is inefficient to allocate dedicated CQI/SR channel for the UEs in long_DRX. 

Handover is supported for UEs in RRC_Connected mode (i.e. both long_DRX and short_DRX). Considering that very larger number UEs will be in long_DRX, most HO may be resulted from UEs in long_DRX. Therefore, allowing dedicated CQI/SR channel for the use of HO access in the target cell seems as radio inefficient. If this is to be implemented, the CQI/SR resource space should be over-dimensioned to handle the HO users.
Furthermore, allocation of dedicated CQI/SR resources in advanced may also result in waste of radio resources, in case the UE takes long time to access in the new cell.
3. Proposal
The steps involved in the HO procedure according to the proposed method are shown in Figure 3. Steps 1-5 as in a conventional HO procedure. After performing admission control, the target eNodeB allocates C-RNTI to be used in the target cell. This information is conveys to the UE via the source eNodeB over HO command message. After receiving HARQ ACK for HO command (step 5a), the source eNodeB sends a scheduling request message (step 6) to the target eNodeB. This message conveys that the UE has correctly received the HO command in the source cell and the UE is ready to establish a connection to the target cell. After receiving the HO command ACK, the source eNodeB prepares the data (UL and DL) to be forwarded to the target eNodeB. 
After receiving the scheduling request message (step 6), the target eNodeB allocates resources to the UE on UL-SCH and the scheduling grant is transmitted over the L1/L2 control channel where C-RNTI in the target cell being used as the UE identification in the target cell. Step 9 can commenced after Step 6. The UE sends the HO confirm message over the allocated UL-SCH resources. CQI and scheduling request if needed may be piggy backed to the HO confirm message.
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Figure 3: Intra-LTE handover in synchronized network 
According to the proposed method, in case the UE handover from long_DRX state, no CQI/SR channel need to be established and the UE can be sent to long_DRX immediately after the handover. Therefore, the proposed method results in less signaling overhead for handover of UEs in long_DRX states. In case for short_DRX state, after receiving the HO confirm, the target eNodeB establishes the CQI/SR channel.

Note that HO interruption time resulting from different HO procedures is shown in Annex A.

3.


Conclusion 

RAN2 is requested to discuss and agree on the procedure for Intra-LTE handover in synchronized networks presented in this contribution. In the proposed procedure, the UE is able to calculate the timing advance to the new cell based on the time difference between the old and new cell. In this scenario, it is beneficial to schedule the UL-SCH resources for HO confirm in target cell and inform the UE of the UL-SCH allocation via UL grant channel in the target cell.
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Annex A: HO interruption time calculation

HO interruption time (U-plane interruption) consists of three main components: (a) radio layer process, (b) UL RRC signaling (c) DL RRC signaling (d) data forwarding delay.

Radio layer process latency can be defined as the delay between reception of HO command to UL resource allocation. Thus consists of Frequency synchronization delay, DL synchronization delay, UL resource request and timing advanced acquisition delay.  Frequency synchronization delay and DL synchronization delay are the same in all the procedures described above. It can be assumed that the UE has acquired frequency synchronization and DL synchronization during the measurement period and can therefore relate to the target cell DL timing to the source cell DL timing with an offset. Hence for asynchronous networks this can be considered to be less than 1ms. For synchronous network DL timing in the target cell equals the source cell DL timing, hence the delay from this element is 0ms in synchronous networks.

UL resource request and timing advanced acquisition delay depends on the procedure applied. Considering the TA is acquired by access on RACH, the delay consists of (1) waiting for an RACH access slots (2.5ms if 5ms RACH intervals are assumed) (2). Transmission of TA preamble (1ms) (3) receiving TA and UL resource grant for HO confirm (7.5ms). The total UL resource and TA acquisition delay equals 11ms. This is the best case scenario where no retransmission is assumed for transmission of HO command and no contention is assumed on RACH channel. If re-transmission delay and delay due to contention is considered the total UL resource and TA acquisition delay will further increased.

In general, the resuming of U-plane is triggered by RRC signaling. The reception of HO confirm triggers the resuming of DL U-plane. The HO confirm ACK triggers the resuming of the UL U-plane. The RRC signaling delay consists of radio transmission delay, and processing delay and decoding delay. In the optimal scenario this can be considered as 5ms. If 30% HARQ transmission is assumed the average delay increases up to 6.5ms. However the error rate of 30% is not realistic for time critical messages. The error rate should be considered to be much lower than 30% in a practical scenario.

Data forwarding delay consists of eNodeB processing delay and the transmission delay over the X2 interface. This may be assumed to be 5ms in average. 

CQI/SR channel interval is assumed to be 5ms, hence the waiting time for CQI/SR channel is 2.5ms. The transmission and decoding of CQI/SR channel be considered as 2ms.

Delay due to the transmission and decoding of L1/L2 control channel is assumed to be 2ms.

Delay due to the transmission and decoding of ACK/NACK is assumed to be 2ms.

Based on the delay component described above the total interruption time in UL and DL for different procedures are calculated.

Table 1: interruption time analysis

	
	Procedure using RACH access
	Procedure in Figure 2
	Procedure in Figure 3

	DL delay
	12ms [17.5ms]
	11.5ms
	12ms

	UL delay
	12 ms [18.5ms]
	13.5ms
	14ms


If the UE arrival in the target eNodeB can uniquely be identified by reception of the dedicated preamble, HO confirm may be omitted. If this is the case, the DL and UL interruption equals 12ms. However the reception of HO confirm is required the interruption time is 17.5ms and 18.5 ms in DL and UL respectively. 

Note that for the delay calculation in Table 1 depends on the RACH channel configuration, CQI/SR channel configuration (for procedure in Figure 2) and the transfer delay over X2 interface (for procedure in Figure 3). 

According to the current agreement, upon handover the source eNodeB forwards all DL PDCP SDUs with their SN that have not been acknowledged by the UE to the target eNodeB. The target eNodeB re-transmits and prioritize all DL PDCP SDUs forwarded by the source eNodeB. In UL, upon handover the source eNodeB forwards uplink PDCP SDUs received out-of-sequence to the target eNodeB, in case in-sequence delivery is required. The UE re-transmits the UL PDCP SDUs that have not been successfully received by the source eNodeB. Only the PDCP SDUs which are successfully received in-sequence are forwarded to the SAE gateway.

Considering the above agreement, both in UL and DL PDCP SDUs are forwarded to the target eNodeB. Re-ordering or prioritization of PDCP SDUs performed at the target eNodeB. Therefore, the actual interruption seen by the application layer depends on the forwarding delay over X2 interface. In other word, the U-plane interruption equals the maximum of the interruption time shown in Table 1 and the data forwarding delay over X2 interface.
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